Atrial fibrillation (AF) commonly co-exists with systolic heart failure (SHF) and its presence is associated with a worse prognosis. Despite this, a rhythm control approach using antiarrhythmic drugs (AADs) to reduce AF burden has demonstrated no prognostic benefit. Catheter ablation (AFA) is more effective than AADs at reducing AF burden. We performed a meta-analysis to evaluate the impact of AFA on outcomes in SHF. Electronic databases were systematically searched. We included only randomized controlled trials that examined the impact of AFA on clinical outcomes in patients with SHF (LVEF <50%). We included studies with any ablation strategy that incorporated pulmonary vein isolation and any control group.
detrimental effect on quality of life and life expectancy. 1 Atrial fibrillation (AF) commonly co-exists with heart failure and its presence is associated with a worse prognosis, including increased rates of hospitalization, stroke and mortality, as well as less benefit from beta-blockade. 2, 3 However, a rhythm control approach, using antiarrhythmic drugs (AADs) to reduce the burden of AF, has not demonstrated a prognostic benefit over rate control in heart failure. 4 Catheter ablation for AF (AFA) is more effective than AADs at reducing AF burden. 5 The benefit of AFA in patients with heart failure was initially evaluated in four small randomized controlled trials (RCTs). [6] [7] [8] [9] A meta-analysis of these trials published in 2015, including data on 224 patients, demonstrated a significant benefit from ablation on functional and quality of life end-points. 10 Since the publication of this analysis, three more RCTs have been completed, using harder clinical end-points and enrolling a further 634 patients. [11] [12] [13] We performed this updated meta-analysis to evaluate the impact of the additional data and specifically the effect of ablation on heart failure hospitalization and mortality.
| ME TH ODS

| Search strategies
The electronic databases PUBMED and EMBASE were searched (until March 2018) to find primary references and reviews, together with published bibliographies and the Cochrane library. The following search terms were used: "atrial fibrillation" and ("catheter ablation" or "pulmonary vein isolation") and ("heart failure" or "left ventricular dysfunction" or "impaired left ventricular function" or "low ejection fraction" or "cardiac failure" or "congestive heart failure").
| Study selection and outcomes
We selected studies that examined the impact of AFA on clinical outcomes in patients with systolic heart failure (SHF). We included only RCTs that enrolled patients with symptomatic SHF (left ventricular ejection fraction [LVEF] <50%) with at least 6 months followup. We selected studies that included patients with paroxysmal atrial fibrillation (PAF) or persistent atrial fibrillation (PsAF).
We included studies with any ablation strategy that incorporated pulmonary vein isolation (PVI).
We included studies where the control group was either rate control, using medical therapy or AV node ablation, rhythm control using antiarrhythmics, or a combination of the two.
The following outcomes were evaluated: Studies in the abstract form without a published manuscript were excluded. Studies or end-points where it was not possible to extract data were also excluded.
| Data extraction
Studies were assessed for eligibility, and demographic and clinical outcome data were extracted by two independent investigators (KM and AN). When there were differences between observers, they reviewed the papers together to reach joint conclusions.
| Methodological quality
Quality assessment was performed using the Cochrane Collaboration's risk of bias tool. 14
| Statistics
Results were analyzed using Review Manager 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). Summary estimates were calculated using the random effects model based on
DerSimonian and Laird's meta-analytic statistical method. 15 The random effects model was chosen in view of the significant methodological heterogeneity seen between studies. We calculated risk ratios (RR) for dichotomous variables and difference in means for continuous variables.
For all meta-analyses, Cochran's χ 2 test and the I 2 statistic were quantified to assess for statistical heterogeneity.
Publication bias was assessed graphically by generating a funnel plot of the logarithm of effect size against the standard error for each trial.
To explore the consistency of the results and assess for sources of heterogeneity, we performed sensitivity analyses for the end-points of changes in LVEF, MLHFQ score and 6MWD. We did not perform sensitivity analyses for the other end-points because of the small number of studies and/or patients reaching the end-point in each analysis. We performed sensitivity analyses using the following grouping:
• Year of publication. We performed analyses including only studies published before 2016 and only those from 2016 onwards.
• Control group. We performed analyses including only studies that used rate control in the control group and another including only studies that used pharmacological rate control.
• AF type. We performed analyses excluding studies that included PAF patients.
In all analyses, a P value less than 0.05 was considered significant.
| RESULTS
| Search results
The search strategy yielded 3092 citations. Of these, 3032 were excluded by title/abstract and 60 retrieved for detailed evaluation.
Fifty-three further papers were excluded for the following reasons: systematic reviews or meta-analyses (n = 13), observational studies or case-series (n = 39), and an RCT of catheter vs surgical ablation (n = 1) ( Figure 1 ).
Of the remaining seven studies, four reported mortality data 6, 7, 11, 13 , six hospitalization data [7] [8] [9] [11] [12] [13] , seven data on change in LVEF [6] [7] [8] [9] [11] [12] [13] , five data on change in MLWHF score [6] [7] [8] [9] 13 , six data on change in 6-minute walk test, [7] [8] [9] [11] [12] [13] and two data on change in VO2 max. 6,7
| Study quality
Overall study quality was good ( Table 1 ). There were, however, two areas where studies were at risk of bias. First, none of the studies attempted double blinding. While performing a sham ablation would have been difficult, this is a potential source of bias. Second, only two of the studies adequately described allocation concealment 8, 12 and there is therefore a potential risk of selection bias.
| Study characteristics
The seven studies were published between 2008 and 2018. They included data on 858 patients. The mean follow-up was 6-38 months. Use of guideline-directed SHF medication was high with beta-blocker use in 76%-97% of patients and ACE-I/ARB in 85%-100%. Though data were variably presented, in each of the seven studies the burden of AF was significantly lower in the AFA than control groups.
There was significant methodological heterogeneity in terms of patient characteristics, study design, and ablation strategy ( included PAF in addition. 9, 11 In the two largest studies, all patients had an implanted ICD. 11, 13 F I G U R E 1 QUORUM diagram of selection process for articles included in the meta-analysis Six studies were multicenter and one single center. 6 There was significant variation in the control groups. Five studies used rate control as the control group-one AV node ablation with biventricular pacing 9 and four pharmacological rate control. [6] [7] [8] 12 In the studies that used pharmacological rate control, the heart rate targets were either evidence-or guideline-based. Of the remaining two studies, one used amiodarone 13 and in the other "medical therapy for AF was administered in accordance with the guidelines". 11 There was significant variation in the study end-points. The five smaller studies used only hemodynamic, imaging, functional, and QOL end-points, whereas the two larger studies also presented mortality data. 11, 13 All of the studies used radiofrequency energy, but only one a contact-force catheter. 12 In all of the studies, PVI was the cornerstone of the ablation strategy. One study performed PVI alone 9 whereas the remaining six studies used additional substrate-based ablation. This involved a combination of left and right atrial linear lesions, ablation of complex fractionated electrograms, and posterior LA wall isolation. In one study, the lesion set (posterior wall isolation) was clearly defined 13 , whereas in the other five the exact approach was at the discretion of the operator.
The rate of major procedural complications ranged from 2.4%-15% per patient (not per procedure).
For four of the studies, some data not included in the original publications were presented in a subsequent meta-analysis, which the authors of the original studies co-authored. 10 This supplementary data were used in our analysis where necessary. Although the number of studies was small, the funnel plot was symmetrical.
| Unplanned or heart failure hospitalization
Six studies (n = 801) reported unplanned or heart failure hospitalization. [7] [8] [9] [11] [12] [13] During follow-up, 205 patients had an unplanned or heart failure hospitalization. Hospitalization was 42% lower in AFA patients than controls (RR 0.58; 95% CI 0.46, 0.73; P < 0.00001) without statistical heterogeneity (P = 0.67, I 2 = 0%) ( Table 3 and Figure 3 ).
Although the number of studies was small, the funnel plot was symmetrical.
| Change in LVEF
All seven studies (n = 770) reported changes in LVEF. AFA was associated with significant improvement in LVEF compared to controls (mean difference 6.30%; 95% CI 3.90, 8.71; P < 0.00001) with significant statistical heterogeneity (P < 0.00001, I 2 = 87%) ( Table 3 and Figure 4 ).
The heterogeneity appeared sensitive to study methodology.
When only studies that used rate control in the control group were included (n = 5), the result remained positive in favor of AFA (mean difference 8.33%; 95% CI 4.65, 12.02; P < 0.00001) with less heterogeneity (P = 0.03, I 2 = 62%).
The funnel plot was symmetrical.
| Change in MLHFQ Score
Five studies (n = 396) reported changes in MLHFQ score. [6] [7] [8] [9] 13 AFA was associated with a significant improvement in MLHFQ score compared to controls (mean difference 9.58; 95% CI 4.45, 14.71; P = 0.0003) with moderate heterogeneity (P = 0.15, I 2 =40%) ( Table 3 and Figure 5 ).
Including only studies that used rate control in the control arm (n = 4) had no significant impact on the pooled result (mean difference 11.88; 95% CI 6.60, 17.15; P < 0.0001) but significantly reduced the statistical heterogeneity (P = 0.35, I 2 = 8%).
| Change in 6MWD
Six studies (n = 702 patients) reported changes in 6MWD. 7-9,11-13 AFA was associated with a significant improvement in 6MWD compared to controls (mean difference 31.78 m; 95% CI 10.64, 52.93; P = 0.003) with significant heterogeneity (P < 0.00001, I 2 = 86%) ( Table 3 and Figure 6 ).
The heterogeneity appeared sensitive to publication date. When the three most recently published studies were excluded, the result remained positive in favor of AFA (mean difference 34.76 m; 95% CI 2.87, 66.65; P = 0.03) with less heterogeneity (P = 0.16, I 2 = 45%).
| Change in VO 2 max
Two studies (n = 100) reported on changes in VO 2 max. 6, 7 AFA was associated with a significant improvement in VO 2 max compared to controls (mean difference 3.17; 95% CI 1.05, 5.28; P = 0.003) without heterogeneity (P = 0.89, I 2 = 0%) ( Table 3 and Figure 7 ).
There were too few studies to perform a meaningful funnel plot.
| Sensitivity analyses
We performed sensitivity analyses for the end-points of changes in LVEF, MLHFQ score, and 6MWD (Table 3 ). We performed analyses For each end-point, the results were similar to the main pooled analyses and in favor of AFA.
| DISCUSSION
This meta-analysis, including data on over 700 patients enrolled in seven RCTs, has demonstrated a significant benefit of AF ablation in patients with SHF. In patients randomized to AFA, there were significant improvements in functional capacity, quality of life, unplanned hospitalization rates, and mortality compared to controls.
Our findings are consistent with previous meta-analyses. In They found significant improvements in LVEF and NT-proBNP levels in patients treated with AFA. 16 Our findings extend those of | 39 these previous studies, including significant more data and demonstrating a benefit of AFA on the harder end-points of mortality and hospitalization.
AF is commonly found in patients with SHF and its prevalence increases with the severity of heart failure, affecting around 10% of patients in NYHA class I up to 50% in class IV. Furthermore, the presence of AF in patients with SHF increases the risk of hospitalization, stroke, and mortality. 2, 17 Despite this, a rhythm control approach using AADs and electrical cardioversion demonstrated no significant prognostic benefit in patients with SHF, when evaluated in a large multicenter RCT. AF-CHF randomized 1376 patients with SHF, LVEF <35% and AF, to a rhythm control approach using AADs (amiodarone, sotalol, or dofetilide), or a rate control approach. 4 Patients in the rhythm control group were more likely to be in sinus rhythm during the study period, though 58% had at least one AF recurrence. However, there were no differences between the groups in terms of cardiovascular mortality, the primary end-point, or any of the secondary end-points of death, stroke, or worsening heart failure. Furthermore, when the results were reanalyzed to assess the impact of the presence of sinus rhythm, rather than being in the rhythm control group, the results were no different. The presence of sinus rhythm during follow-up was not associated with improved outcomes compared to the presence of AF. 18 The results of our meta-analysis, and the studies included in it, are at odds with these findings. This is potentially explained by two factors-success rates with AFA and risks with AADs.
Although AADs have some impact on the burden of AF, AFA is significantly more effective. Khan evaluated AFA vs AADs in a meta-analysis of 11 RCTs including 1481 patients with both paroxysmal and persistent AF. Overall AFA was associated with a 60% reduction in arrhythmia recurrence compared to AADs. There was a 48% reduction in the risk of AF in AAD-naïve patients, and a 63% reduction in patients who had previously taken an AAD. 5 This is supported by results of the AATAC study included in our analysis. This used amiodarone as the control arm and found that patients in the AFA arm were much more likely to have remained in sinus rhythm at the end of the study (70% vs 34%, P < 0.001). 19 Antiarrhythmic drugs are well known to be associated with excess risk. In the two largest rate-vs-rhythm studies using AADs-AF-CHF and AFFIRM-there was an excess of noncardiovascular mortality in the rhythm control arms. 4, 20 In AFFIRM, which randomized 4060 patients to rhythm control, using AADs and cardioversion, or rate control, noncardiac mortality was significantly higher in the rhythm control arm (12% vs 8%; P = 0.0008). 20 In AF-CHF, there was also a nonsignificant increase in noncardiac mortality in the rhythm control group (8% vs 5%; P = 0.06). 4 The exact mechanism of this increased mortality remains unclear, but the findings in AFFIRM were driven by increases in cancer and pulmonary deaths, while AF-CHF found differences in rates of fatal cancer and sepsis.
Furthermore, AADs are well recognized to carry a risk of ventricular pro-arrhythmia. While the risk of a life-threatening arrhythmia because of AAD exposure is low in patients with a structurally normal heart, the risk increases significantly in patients with reduced LVEF. 19 The magnitude of reduction in mortality seen with ablation (49% RR reduction) in our analysis is comparable to that found in trials of ACE-I and beta-blockers in SHF. 21, 22 Although this result is based on only two studies, enrolling 566 patients, data from the other endpoints included in our analysis support its validity. Ablation was associated with significant improvements in LVEF, 6-minute walk and VO 2 max, all of which are important prognostic markers in SHF.
Furthermore, ablation was associated with a reduction in unplanned or heart failure hospitalization, which is again consistent with a prognostic benefit.
It is noteworthy that in all but one of the studies substrate-based ablation in addition to PVI was performed. This included posterior wall isolation, left atrial linear lesions and ablation of complex fractionated electrograms (CFAEs). This reflects the fact that the majority of these studies were performed prior to the publication of STAR-AF 2, which demonstrated no significant benefit of linear lesions or CFAE ablation over PVI alone in PsAF. 23 Two of the studies presented outcome data based on whether or not patients had substrate-based ablation in addition to PVI. In AATAC, outcomes were better in patients that underwent additional substrate-based ablation. 13 In contrast in CASTLE-AF, there were no differences in outcome between the two ablation approaches. 11 It is possible that in patients with SHF, a more aggressive ablation strategy is needed to gain maximal benefit. However, further work is needed to answer this question.
There are, however, a number of important factors that should be considered when interpreting the results of our analysis.
First, patients enrolled in the studies included in our analysis may not be representative of the population of SHF patients with AF typically encountered in clinical practice. Two-thirds (566/851) of the patients included in our analysis came from two RCTs. 11, 13 Both of these studies included only patients with symptomatic SHF and an ICD. While there are clear benefits in terms of arrhythmia monitoring of including only ICD recipients, this is a very selective patient population. Furthermore, the patients enrolled in the studies were relatively young, with mean ages ranging from 57-64 years. In addition, it is possible that there was some degree of selection bias with investigators only enrolling patients they felt would tolerate the procedure.
Second, the procedures in these studies were performed by experienced operators in high volume centers. This is important as it cannot be assumed that lower volume operators in smaller centers would achieve the same results. Small changes in procedural success and complication rates may have a significant impact on the benefits seen with AFA in SHF.
Third, although our analysis included a significantly larger number of patients than previous reviews, the number of studies and patients is still relatively small. Furthermore, follow-up in many studies was short with only two studies presenting follow-up data past 12 months. This is important as SHF is a chronic problem.
Lastly, none of the studies were blinded. While performing a sham ablation would have been difficult, this is a potential source of bias and may have had some influence on the results.
It is therefore currently difficult to extrapolate these results to routine clinical practice. Further data are needed in larger more representative populations, before definitive conclusions can be drawn.
| Limitations
Although meta-analysis is a well-recognized technique, it has limitations. Key among these is the difficulty in combining studies with differing methodology. The studies we included demonstrated significant methodological heterogeneity, most importantly concerning differences in ablation strategy, choice of control group and primary end-point. Although we used a random effects model to take account of this heterogeneity and performed a number of sensitivity analyses to confirm the consistency of the results, these factors are important and need to be considered when interpreting our findings.
| CONCLUSIONS
In patients with AF and SHF, catheter ablation has significant benefits over optimal medical therapy. Ablation was associated with significant improvements in functional capacity, quality of life, unplanned hospitalization rates, and mortality. Further work is needed to establish the role of ablation in the routine treatment of AF in patients with SHF.
